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1
COIL POSITION DETECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns methods and devices for
the determination of the position of a local coil for a magnetic
resonance apparatus.

2. Description of the Prior Art

Magnetic resonance apparatuses for examination of
patients, 1n particular by means of magnetic resonance
tomography are known from DE 10 342 13B4, for example.

Modern magnetic resonance systems normally operate
with multiple different antennas (also called coils 1n the fol-
lowing) to emit radio-frequency pulses for nuclear magnetic
resonance excitation and/or to recerve the mnduced magnetic
resonance signals. A magnetic resonance system typically
has a larger coil that 1s normally permanently installed in the
apparatus, known as a whole-body coil (also called a body
coil or BC), as well multiple small local coils (also called
surface coils or LCs). In contrast to the whole-body coil, the
local coils serve to acquire detailed 1images of body parts or
organs of a patient that are located relatively near to the body
surface. For this purpose the local coils are applied directly at
the point of the patient at which the region to be examined 1s
located. Given a use of such a local coil, 1n many cases the
transmission occurs with the whole-body coil (as transmis-
sion coil) permanently 1nstalled 1n the magnetic resonance
system and the induced magnetic resonance signals are
received with the local coil (as reception coil).

The position oflocal coils used to receive the MR signals in
the medical MR 1imaging can vary relative to the patient table
and to the patient. Optical detection with a camera and RFID
methods has been considered as solution approaches to deter-
mine the position. An additional known method uses the MR
imaging itself 1n order to localize the coils. Disadvantages of
the optical detection and the RFID method are the necessary
additional components 1n the coil and/or in the MR scanner
that incur costs. Disadvantages of the MR 1imaging are the
time cost (a separate measurement 1s required for every bed
(patient) position) and the problematic reliability (depen-
dency on MR 1maging parameters, for example BO homoge-
neity, B1 homogeneity, 1n particular at the edge of the imag-
ing volume).

SUMMARY OF THE INVENTION

An object of the present invention 1s to enable an optimally
eificient determination of the position of a local coil of a
magnetic resonance apparatus.

According to the invention, a device to determine the posi-
tion of a local coil for a magnetic resonance apparatus, has a
local coil to recerve a signal emitted by at least one transmis-
s10n coil, and a position determination device to evaluate the
signal and determine from this signal the position of the local
coil.

According to the mvention, a method 1s also provided to
determine the position of a local coil for a magnetic resonance
apparatus, wherein at least one signal emitted by at least one
transmission coil 1s received by the local coil and evaluated
with a position determination device 1n order to determine the
position of the local coil.

An advantage of the mnvention 1s the utilization of compo-
nents that are generally already present for the position deter-
mination, which can yield a cost advantage. Even 1f an addi-
tional pickup coil were to be used for the new method 1nstead
of an existing coil, this component is extremely cost-efiective
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2

since the entire activation and signal generation system 1s
already present 1n the scanner (1t can be operated at the MR
transmission frequency).

Possible interferences with or negative effects on the mea-
surement workflow are avoided since no additional time 1s
required for a coil position detection, as in known MR meth-

ods.

A simple determination of the position of these local coils
entails advantages for the system operation. For example,
given a known position of the local coils 1t 1s possible to
assign a reasonable combination of reception coils with mea-
surement protocols automatically (without interaction with
the user). Coils that are far removed from the imaging volume
do not improve the SNR of the image, but rather to the
contrary increase the noise level or intensify image artifacts
(ambiguity artifacts—“third arm”) and therefore should not
be activated. Furthermore, the known position of the local
coils allows a measurement protocol to determine the possi-
bilities (acceleration factors and directions) of the parallel
imaging. This information can be used for an automatic deter-
mination of optimal acquisition parameters, for example, or
be provided to the user 1n a suitable manner (limitation or
suitable display of the reasonable range of protocol param-
eters).

In particular, a determination of the coil position 1s accom-
plished by measurement of the coupling of one or more (ad-
vantageously small) transmitting coils relative to at least one
local coil upon driving the bed into the patient tunnel. A
determination of the position of the local coil relative to the
stationary transmitting coupling coil can ensue by evaluation
of the signal, in particular by measurement of the amplitude
and/or phase ofthe coupling of the two coils depending on the
bed position (z-profile) and a maximum or zero crossing
evaluation of the amplitude and/or phase.

In the event that, according to an embodiment of the inven-
tion, not just one but rather multiple coils are used as trans-
mission coils, the precision of the measurement can be
increased, or not only a z-position detection but also a detec-
tion of the azimuthal position can ensue.

According to an embodiment of the invention, the pickup
coils of the body coil that are already present in many MR
systems (which pickup coils serve to detect the body coil Bl
fields 1n MR transmission operation) can be used for the
transmitting coupling coils. The pickup coils have previously
not been used during the 1insertion of the bed and could advan-
tageously be connected alternately with a recerver device or
with a signal source by crossover switches.

In addition to a co-planar arrangement of a transmitting,
coil relative to the local coil according to one embodiment of
the invention, according to an additional embodiment of the
invention an orthogonal arrangement of at least one transmiut-
ting coil relative to the local coil 1s also advantageous. It offers
the advantage of a sharp zero crossing of the coupling ampli-
tude as well as a detection of the structure of the local coil
given advantageous geometric relationships.

In another embodiment of the invention, wherein a multi-
channel transmission array 1s present in the tomography
device, 1ts elements are used in place of the pickup coils.

If, according to another embodiment of the invention
wherein multiple transmission coils are used for coil detec-
tion, the signals can be differentiated, for example via difier-
ent transmission frequencies or via a multiplexing (tempo-
rally offset transmission with the individual coils).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically 1llustrates an MRT whole-body coil
and a local coil whose position 1s to be determined.




US 8,587,293 B2

3

FIG. 2 shows a co-planar arrangement of a transmission
coil and a local coil.

FI1G. 3 shows an orthogonal arrangement of a transmission
coil and a local coil.

FIG. 4 shows an amplitude curve 1n the local coil 1 an
arrangement according to FIG. 2.

FIG. 5 shows an amplitude curve in the local coil 1 an
arrangement according to FIG. 3.

FIG. 6 shows amplitude curves in the local coail.

FIG. 7 shows phase curves 1n the local coil.

DESCRIPTION OF THE PR
EMBODIMENTS

oy

FERRED

FIG. 1 shows a magnetic resonance apparatus MRT 1 with
a whole-body coil 2 with a tubular space 3 into which a patient
bed 4 (with a patient 5 and a local coil 6, for example) can be
driven 1n order to generate exposures of the patient 5. Here a
local coil 6, with which good exposures are enabled in a local
range, 1s placed on the patient 3.

The position of the local coil 6 should be determined. For
this a signal 8 emitted by at least one transmission coil 7 1s
received and evaluated with a position determination device
11 connected with the local coil 6 and the transmission coil 7
(and possibly the whole-body coil 2) directly or via other
clements by schematically represented connections. With the
position determination device 11, the position (relative to the
transmission coil and, therefore, possibly relative to the
patient bed and/or the patient and/or to the MRT whole-body
coil) of the local coil 6 can be determined.

For position determination, the amplitude and/or phase of
signals sent by at least one transmission coil 7 and recerved 1n
the local coil 6 1s evaluated in the position determination
device 11.

The signal emitted by a transmission coil can also be a
signal emitted specifically to enable the position determina-
tion of a local coil and/or a signal that 1s used only for this
purpose.

The transmission coil or transmission coils and the local

coil can be arranged coplanar to one another according to
FIG. 2 (thus pointing 1n the same direction) or orthogonal to
one another according to FIG. 3 (thus point in directions
orthogonal to one another).
In a co-planar arrangement according to FIG. 2, during a
movement of the patient bed with the local coil 6 1n the
longitudinal direction (d) of the whole-body coil (thus into
this), the amplitude curve according to FIG. 4 results during,
the movement, wherein the position of the local coil at d=0
(thus when the local coil 6 1s located under the transmission
coil) can be determined well with a maximum detection
(which position can be used given a further movement of the
patient bed by a specific distance), possibly under consider-
ation of this to calculate a new position of the limit value. If
the transmission coil 7 1s located approximately at the left end
of the whole-body coil 2 1n FIG. 1, for example, in which
patient bed position the local coil 6 1s located there can thus be
determined. This position of the local coil can be used in order
to later associate from 1t signals recerved from the whole-
body coil 1n the imaging operation (or 11 determined from said
signals) with a position of the bed or of the whole-body coil or
in the patient.

(Given an orthogonal arrangement of the coils 6, 7 relative
to one another according to FIG. 3, during a movement of the
patient bed with the coil 1n the longitudinal direction (d) of the
whole-body coil (thus into this) the amplitude curve ampl
(s21) according to FIG. 5 results during the movement, so the
position of the local coil at d=0 (thus when the local coil 6 1s
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located under the transmission coil) can be determined well
with an amplitude mimimum detection (which position can be
used to calculate a new position given a further movement of
the patient bed by a specific distance, possibly to intentionally
reach this new position). I1 the transmission coil 7 1s located
at the left end of the whole-body coil 2 1n FIG. 1, for example,
the patient bed position, or where relative to the patient or to
the whole-body coil etc. the local coil 6 15 located, can be
determined.

FIG. 6 shows an example the measured curve of the ampli-
tude of the signal sent by a transmission coil (which 1s
received 1n the local coil) during the movement of the local
coil 6 (together with the patient bed) in the direction d into the
whole-body coil 2; at d=0 the local coil 1s thereby below the
transmission coil 1in FIG. 1, thus—given arrangement of the
transmission coil 7 at the entrance of the whole-body coil 2,
for imstance—at the entrance (or otherwise correspondingly
displaced, as 1s also 1 FIG. 1 where the transmission coil 1s
somewhat to the right of the entrance). In FIG. 6 the maxi-
mum of the amplitude occurs when the local coil 1s located
below the transmission coil. Given a greater distance (20 cm)
of the local coil from the transmission coil, given positioning
below this the amplitude 1s somewhat lower than at a smaller
distance (14 cm).

In addition to the amplitude of the signal which the local
coil 6 recerves from the transmission coil 7, the phase of this
signal can also be evaluated.

FIG. 7 shows an example of the measured curve of the
phase of the signal sent by the transmission coil and recerved
in the local coil during the movement of the local coil 6
(together with the patient bed) 1in the direction d into the
whole-body coil 2. In FIG. 7 a zero crossing of the phase shift
between the transmission coil and the local coil at a specific
position of the local coil 1s to be detected with the position
determination device.

Existing coils, i particular pickup coils of the body coil
that serve to detect body coil B1 fields in the transmission
operation of the body coil can be used as transmitting coils
(here also called coupling coils). The pickup coils have pre-
viously not been used during the insertion of the bed and
could be connected with a signal source 10 instead of with a
receiver device via crossover switches such as switch 12. In
principle, given the presence of a multi-channel transmission
array 1t would also be possible to use 1ts elements 1n place of
the pickup coils.

By the use of more than one transmission coil (at different
positions and/or different orientations and/or with different
phases of its transmission signal), the position of the local coil
can be determined 1n multiple dimensions. If multiple trans-
mission coils are used for coil detection, their signals can be
differentiated in the local coil, for example via different trans-
mission frequencies or via a multiplexing (temporally offset
transmission of the mndividual coils).

Although modifications and changes may be suggested by
those skilled 1n the art, 1t 1s the intention of the inventors to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of their contribution to the art.

We claim as our invention:

1. A deviceto determine a position of a magnetic resonance
local coil of a magnetic resonance data acquisition unit, com-
prising:

at least one transmission coil associated with a magnetic

resonance data acquisition unit, said at least one trans-
mission coil radiating an electromagnetic signal;

a magnetic resonance local coil that receives said electro-

magnetic signal radiated by said at least one transmis-
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s1on coil and that generates a local coil signal dependent
thereon, said local coil signal exhibiting an amplitude
and a phase; and

a computerized position determination device 1n commu-

nication with said magnetic resonance local coil that
receives said local coil signal therefrom, and that 1s
coniigured to evaluate said local coil signal to determine
a position of the magnetic resonance local coil relative to
a selected location associated with said data acquisition
unit, by plotting a signal curve of said local coil signal,
selected from the group consisting of a signal curve of
said phase and a signal curve of said amplitude, with
respect to an axis and 1dentifying said position of said
local coil directly from an actual zero-crossing of said
axis by the signal curve of said local coil signal.

2. A device as claimed 1n claim 1 comprising a plurality of
transmission coils associated with said data acquisition unit
that each radiate an electromagnetic signal, and wherein said
magnetic resonance local coil detects each of the respective
clectromagnetic signals and generates respective coil signals
dependent thereon, and wherein said position determination
device 1s configured to determine the position of the magnetic
resonance local coil from all of said coil signals.

3. A device as claimed in claim 2 comprising a control unit
that operates said plurality of transmission coils to radiate
said respective electromagnetic signals with different or tem-
porally offset transmission times.

4. A device as claimed 1n claim 2 wherein said plurality of
transmission coils form a multi-channel transmission array.

5. A device as claimed in claim 1 wherein said position
determination device 1s configured to determine the position
of the magnetic resonance local coil relative to said transmis-
s1on coi1l or relative to said data acquisition unit.

6. A device as claimed 1n claim 1 wherein said data acqui-
sition unit comprises a movable bed adapted to receive a
patient thereon, and wherein said patient determination unit s
configured to determine the position of the magnetic reso-
nance local coil relative to the bed or relative to the patient.

7. A device as claimed 1n claim 6 wherein said bed 1s
displaced through a plurality of bed positions, and wherein
said position determination unit 1s configured to determine
said position of said magnetic resonance local coil dependent
on said bed position.

8. A device as claimed 1n claim 1 wherein said at least one
transmission coil and said magnetic resonance local coil are
oriented co-planar relative to each other.

9. A device as claimed 1n claim 1 wherein said at least one
transmission coil and said magnetic resonance local coil are
oriented orthogonally relative to each other.

10. A method to determine a position of a magnetic reso-
nance local coil of a magnetic resonance data acquisition unit,
comprising the steps of:

from at least one transmission coil associated with a mag-

netic resonance data acquisition unit, radiating an elec-
tromagnetic signal;

with a magnetic resonance local coil, receiving said elec-

tromagnetic signal radiated by said at least one transmis-
ston coil and generating a local coil signal dependent
thereon, said local coil signal exhibiting an amplitude
and a phase; and

supplying a computerized position determination device 1n

communication with said local coil signal and, 1n said
position determination device, automatically evaluating
said local coil signal to determine a position of the mag-
netic resonance local coil relative to a selected location
associated with said data acquisition unit, by plotting a
signal curve said local coil signal, selected from the
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group consisting of a signal curve of said phase and a
signal curve of said amplitude, with respect to an axis
and 1dentifying said position of said local coil directly
from an actual zero-crossing of said axis by the signal
curve of said local coil signal.

11. A method as claimed 1n claim 10 comprising, from a
plurality of transmission coils associated with said data
acquisition unit, individually radiating respective electro-
magnetic signals and, with said magnetic resonance local
coil, detecting each of the respective electromagnetic signals
and generating respective coil signals dependent thereon, and
in said position determination device, determining the posi-
tion of the magnetic resonance local coil from all of said coil
signals.

12. A method as claimed in claim 11 comprising, from said
plurality of transmission coils, radiating said respective elec-
tromagnetic signals with different or temporally offset trans-
mission times.

13. A method as claimed 1n claim 11 comprising employ-
ing a multi-channel transmission array as said plurality of
transmission coils.

14. A method as claimed 1n claim 10 comprising, 1n said
position determination device, determining the position of the
magnetic resonance local coil relative to said transmission
coil or relative to said data acquisition unit.

15. A method as claimed 1n claim 10 wherein said data
acquisition unit comprises a movable bed adapted to recerve
a patient thereon and comprising, 1n said patient determina-
tion unit, determining the position of the magnetic resonance
local coil relative to the bed or relative to the patient.

16. A method as claimed 1n claim 15 comprising displacing
said bed through a plurality of bed positions and, 1n said
position determination unit, determining said position of said
magnetic resonance local coil dependent on said bed position.

17. A method as claimed 1n claim 10 comprising orienting
said at least one transmission coil and said magnetic reso-
nance local coil co-planar relative to each other.

18. A method as claimed 1n claim 10 comprising orienting
said at least one transmission coil and said magnetic reso-
nance local coil orthogonally relative to each other.

19. A device to determine a position of a magnetic reso-
nance local coil of a magnetic resonance data acquisition unit,
said magnetic resonance data acquisition unit comprising a
body coil that radiates a B1 field in said magnetic resonance
data acquisition unit, said device comprising:;

at least one transmission coil associated with said magnetic
resonance data acquisition unit, said at least one trans-
mission coil radiating an electromagnetic signal;

said transmission coil also being configured to detect said
B1 field of said body coil;

a magnetic resonance local coil that receives said electro-
magnetic signal radiated by said at least one transmis-
sion co1l and that generates a local coil signal dependent
thereon, said local coil signal exhibiting an amplitude
and a phase; and

a computerized position determination device in commu-
nication with said magnetic resonance local coil that
receives said local coil signal therefrom, and that is
configured to evaluate said local coil signal to determine
a position of the magnetic resonance local coil relative to
a selected location associated with said data acquisition
unit, by plotting a signal curve of said local coil signal,
selected from the group consisting of a signal curve of
said phase and a signal curve of said amplitude, with
respect to an axis and identifying said position of said
local coil directly from an actual zero-crossing of said
ax1s by the signal curve of said local coil signal.
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20. A device as claimed 1n claim 19 comprising an auto-
matically or manually operated switch connected to said at
least one transmission coil allowing operation of said trans-
mission coil to detect said characteristic of said B1 field or to

radiate said electromagnetic signal, dependent on a state of

said switch.

21. A method to determine a position of a magnetic reso-
nance local coil of a magnetic resonance data acquisition unit,
said magnetic resonance data acquisition unit comprising a
body coil that radiates a B1 field 1n said magnetic resonance
data acquisition unit, said method comprising:

operating at least one transmission coil associated with
said magnetic resonance data acquisition unit to radiate
an electromagnetic signal;

with said transmission coil, also detecting said B1 field of

said body coil;

with a magnetic resonance local coil, recerving said elec-
tromagnetic signal radiated by said at least one transmis-
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stion coil and generating a local coil signal dependent
thereon, said local coil signal exhibiting an amplitude
and a phase; and

in a computerized position determination device in com-

munication with said magnetic resonance local coil that
receives said local coil signal therefrom, automatically
evaluating said local coil signal to determine a position
of the magnetic resonance local coil relative to a selected
location associated with said data acquisition unit, by
plotting a curve of said local coil signal, selected from
the group consisting of a signal curve of said phase and
a signal curve of said amplitude, with respect to an axis
and 1dentifying said position of said local coil directly
from an actual zero-crossing of said axis by the signal
curve of said local coil signal.

22. A method as claimed in claim 21 comprising switching
operation of said transmission coil between detecting said
characteristic of said B1 field or radiating said electromag-
netic signal.
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